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Abstract 
Our aim is to use a framework of combined satellite image processing with other cartographic materials for analyzing 
and modelling the spatial urban and rural pattern correlated to the protected areas located either in their contiguity or 
separated through a buffer zone with agricultural use. We exemplified the advantages and disadvantages incorporated 
by historical maps, topographic maps, Landsat images and orthophotoplans that emerged during two researches, one 
concerning the land use change in Sinaia resort in the Southern Carpathians, the second being a complex urban-rural 
landscape unit surrounding Babadag lake, in SE Romania. We emphasized the variation in information consistency 
depending on each case study scale in regard to the Landsat images resolution as compared to orthophotoplans. Also, 
the considerable amount of computer processing of the remote sensing imagery in regard to positional and spectral 
distortions requires a revision process which can integrate other maps and ancillary data in order to produce a sound 
analysis of the spatial pattern. Based on the series of satellite images we modelled the spatial urban pattern and extent 
of built-up change in recent years with the help of a grid structure and we computed a synthetic indicator for the 
vegetation study, especially for evaluating human intervention through cultivated fields, farms and deforestation. The 
rapid development of Sinaia under increased mass-tourism pressure, a situation reflected in the constant 
fragmentation of surfaces covered with forest in the periurban, requires that urban planning should benefit from the 
combination of conventional cartographic products and remote sensing imagery, thus encompassing the possible 
extend upon Bucegi Natural Park, included in Natura 2000 network. Babadag Lake and surrounding areas have 
multiple protection status, Danube Delta Biosphere Reserve, Natural Heritage Sites under UNESCO, and also Natura 
2000, requiring a more accurate geographical database that can be used in monitoring the trends in land use change. 
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1. Introduction  
Remote sensing and cartographic materials have been used in combination with spatial metrics in 
many studies regarding spatial modelling and analysis [1]. In the last two decades, numerous analysis 
methods of the landscape patterns were developed and evaluated, based on remote sensing and applied in 
several domains as urban sprawl analysis [2] or forest change monitoring [3]. Satellite images are 
valuable materials that offer a global image over the territory also being a support in landscape analysis 
and in landscape prognosis [4]. Several procedures of land cover change detection that use digital data 
have been proposed and could contribute in updating the databases. These methods include comparison of 
land cover classifications, multidate classification, vegetation index differencing, image differencing 
rationing, principal components analysis and change vector analysis [5]. 
Thus a multitude of indicators have been created in order to characterize landscape structure and 
landscape pattern [6]. The main basis of these landscape metrics are the cartographic materials and 
satellite imagery that de Being a time profiled change 
detection these methods work with data acquired from a large number of observation dates [7]. Nether 
less there are certain inconsistencies that may induce recursive errors in the database [8].  
The cartographic evaluation of the landscape is limited by several inconsistencies regarding the map 
projection and scale which vary between years, the presence of digitisation errors and the high variation 
of the intervals for which cartographic materials are available [9 , 10]. Thus it is necessary to complement 
the geospatial database with satellite images that enable a higher accuracy and a reiterative caption of the 
images for different years. The advantages of satellite images use in landscape studies include the 
production of detailed geospatial databases [11]. As for the quality of the information that can be 
extracted from these satellite images, it largely depends upon parameters like image resolution, landscape 
complexity, as in the case of an intricate urban landscape. The precision of this information is determined 
by the spatial, radiometric and temporal resolutions and the number of spectral bands which are available 
for each year [12]. 
The applicability in spatial planning of the databases which were developed through the gathering of 
geographic information from satellite images, cartographic material and other documents consists in a 
more efficient identification of the current built-up areas, highlighting the land cover change dynamics 
[13], emphasising the change trajectories [14], the delineation between protected areas [15] and the 
analysis of the relation between the built-up areas and those covered with vegetation [16]. 
Monitoring landscape dynamics is important because changes within and adjacent to protected areas 
can alter the water quality and flow regimes, increase the likelihood of invasive plant and animal range 
expansions, reduce contiguous forest, among other impacts [17]. Monitoring land-cover changes will 
guide decision-making for resource management of these protected lands [18]. Protected areas are 
essential for biodiversity conservation and acted as cornerstones of virtually all national and international 
conservation strategies [19]. They are areas set aside to maintain functioning natural ecosystems, to act as 
refuges for species and to maintain ecological processes that cannot survive in most intensely exploited 
landscapes and seascapes. Researchers also believe that we have an ethical obligation to prevent species 
loss due to our own actions [20]. The physical parts of the natural landscape represent indispensable 
are wood sources for different processes, meadows are a very valuable fodder source, underground 
minerals are the base of the industrial activity etc [21].  
Our objective is to compare the methodology and results of integrating two types of raster support 
(cartographic materials and satellite images) in landscape analysis and to extract a series of advantages 
and disadvantages for each method, depending on the scale of the target area and its complexity. 
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In this study we aimed at identifying the changes that have occurred within the landscape structure. 
The research questions to which we intend to answer are: what types of changes occurred in the urban, 
periurban and rural areas? Which are the changes that continue in the present time? Which are the 
changes that affect the local natural protected areas? The analysis combined the use of satellite images 
with conventional cartographic material. The study focuses on the interplay between built-up areas and 
surfaces covered with vegetation that are included in a protected regime. The urban sprawl patterns are 
essential for identifying the pressures upon natural ecosystems and the influence on natural core areas 
[22], considering the fact that the edge of a forest ecosystem is most affected by human interventions 
[23]. Once the forest area becomes smaller and penetrated by roads, than the edge effects are intensely 
present [24]. 
2. Methodology 
2.1. Location of target areas 
The first study site is represented by Sinaia administrative unit which is located on a major axis of 
transcarpathian connectivity, Prahova corridor, in the Southern Carpathians (Fig. 1). The location 
contributed to the increased humanization of the area [25]. 40.4 % of the study site is included in Bucegi 
Natural Park (I.U.C.N fifth category of protected landscape/ seascape [26]. The park is placed under the 
direct influence of Sinaia resort through the extent of the tourism structures. This situation is amplified by 
the lack of a larger buffer zone between these two entities [9]. 
 
 
Fig. 1. Location of Sinaia study site in Romania 
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The limit between the built-up areas and the natural park poses the question if there is a proper 
management of the area in regard to the impact of the urban expansion towards the mountain. The 
intertwining area between the resort and the natural park contains a maximum landscape use, through the 
concentration of access roads, cable transport structures, routes and ski slopes and tourist accommodation 
units [27]. The proposal to organize the European Youth Olympic Festival, the 2013 winter games, in 
Bucegi micro-region increases the pressure on the sustainable development area (78 ha) by amplifying the 
number of structures destined to carry out the tourist activity. 
The second study site, Babadag Lake and the bordering area, belongs to the lakeshore of the Razim-
Sinoie lake-complex, the largest water surface in a natural system in Romania which is situated in the 
south eastern part of the country (Fig. 2) and the western part of Danube Delta Biosphere Reserve [28]. 
 
 
Fig. 2. Location of Babadag study site in Romania 
Babadag Lake and parts of the surrounding areas are included in the Danube Delta Biosphere Reserve 
and they are universally recognized as Natural Heritage Sites by UNESCO, consequently they are also 
Natura 2000 sites [29], [30]. Due to the given protection statute this area would require a more accurate 
monitoring through a complex geographical database that can be used for identifying the landscape 
changes trajectories and pressures. 
2.2. Material and methods 
The cartographic materials used for Sinaia study site consisted in a first map which was produced in 
the year 1790 under the coordination of Austrian general Specht; it is a military map at a scale of 
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1:28,000. It has no projection set, but it uses geometrical levelling, which makes it superior to other maps 
from that period. The second map corresponds 
 presents a scale of 1:57,600 [31], [32]. For 
the middle of the 20th century we used the topographic 
 with the scale 1:20,000 and in Lambert-Cholesky projection which were available for study at 
the Romanian Academy. These were the most accurate and detailed cartographic representations of the 
target area for the considered time period. For the third year, 1970, we used the map produced by the 
fourth 
map, dating from 1990 was also created by the DTM at the same scale, but in UTM (Universal 
Transversal Mercator) projection and Baltic Sea elevation reference system. Lastly for the fifth year, 
2010, we used the orthophotoplans with a resolution of 4km.  
The first cartographic support used in the case of Babadag study was the map of Captain Spratt (1856-
1857), followed by the Forrest Map (1900), thirdly the Topographic Maps from the years 1917, 1955 
( ), the Topographic map 1: 25,000 (1980) and orthophotoplans (2009). 
We transformed the information from topographical maps (raster) in vector format by scanning, 
georeferencing, bring all of them in the same projection (Stereo `70) and digitizing all the landscape 
elements. A particular situation was that of the military map dating from 1917-1955. Before the Great 
Union of 1918, the historical provinces were under different occupation, so that the mapping for each 
province changed from one area to another. The projection systems used, particularly the geoid, the 
nomenclature and map sheet distribution were not uniform. Since the maps were not made at the same 
scale, with a uniform legend they cannot form a mosaic and cannot be used as a whole. For our study 
area, the map sheets were made in five different periods: 1917, 1939, 1943, 1953 and 1955. These maps 
were digitised in several land cover types that were selected according to the information contained in the 
maps and in agreement with CORINE Land Cover classification [9]. 
Secondary, for this study we used 4 Landsat images for each target area that were downloaded from 
Earth Science Data Interface (ESDI) website (http://glcfapp.glcf.umd.edu:8080/esdi/index, accessed 
15.04.2011). Each image was georeferenced and projected in World Geodetic System 1984, 35N 
coordinate system, for the years 1977, 1979, 1989, 2000 and 2007. Consequently the months selected for 
both study cases were June, July and August, thus covering a similar vegetation season (Table 1). All 
Landsat images were much larger than the study area so window files were extracted, this representing a 
reduction of data that is known as sub-setting. 
Table 1 Landsat images used in the study 
Study 
site  
ID Dataset  Path/Row Acquisition date  Producer Resolution 
Si
na
ia
 
220-279 Landsat 7 ETM+ 2: 183/028 27/07/2007 USGS 28.5m 
036-617 Landsat 7 ETM+  2: 183/028 05/06/2000 EarthSat 28.5m 
018-675 Landsat 5 TM 2: 183/029 21/08/1990 EarthSat 30m 
021-066 Landsat 3 MSS 1: 197/028 02/08/1979 EarthSat 80m 
B
ab
ad
ag
 
213-647 Landsat ETM + 2: 181/029 07/06/2000 USGS 30 m 
204-908 Landsat TM 2: 181/029 29/08/1989 USGS 30 m 
220-158 Landsat ETM + 1: 181/029 29/07/2007 USGS 28.5 m 
231-049 Landsat MSS 1: 195/029 06/08/1977 EarthSat 80 m 
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A tabular summary containing references about the images used in the paper is given in table 1. The 
location of the images in the Landsat collection required a combination of path and row codes which are 
particular to each study site. The acquisition date and resolution represent key features when selecting the 
images that are to be integrated in the analysis, in order to cover similar vegetation periods and to be able 
to compare the information from each time period. The lowest image resolution (80m) is specific to 
earlier datasets of the Multispectral Scanner (MSS) observation instrument and increases in the case of 
the Enhanced Thematic Mapper Plus (ETM+) datasets [33]. Because the resolutions are different between 
the MSS, TM and ETM+ sensors, images from 1977/1979 and 2007 were resampled using Idrisi Andes to 
28.5 meters for Sinaia study site and 30 meters in the case of Babadag study site, in order to match with 
the resolution of the images representing the years 1989 and 2000. Thus the vegetation index NDVI [3] 
was computed and diachronic images were produced. The images were reclassified in ArcGis 9.3 using a 
uniform georeferenced grid and several thematic maps were created in order to identify the areas most 
affected by land use transformation. 
3. Results and discussion 
3.1. Landscape analysis through cartographic material  
The main changes that were identified in Sinaia study site on the cartographic support are reforestation 
during 1790-1864; built-up and industrial expansion during 1864-1940; tourism infrastructure emergence, 
industrial development during 1940-1970; massive built-up expansion between 1970 and 1995; built-up 
expansion, new tourism structures between 1995 and 2010 (Fig. 3).  
The first interval represents a highly dynamic period for the study area and the changes in the 
landscape are significant. More precisely, in this interval almost 65% of the entire study area underwent 
changes regarding the landscape cover. Intensive reforestation can be observed considering that the site 
was previously exploited of wood resources, but this can also be argued through a cartographic error that 
is specific to Specht map, were areas covered with forests are not accurately illustrated. In Sinaia the 
measures of [34] and Haret 
[35] who also emphasize the influence of the royal administration upon the evolution of the forest 
landscape. 
After 1864 and up to 1940, the cartographic material and the ancillary documents indicate the 
industrial development of the town [36] during which wood from surrounding forests was used for lime 
and lumber production, but also for construction, considering that secondary residences expanded during 
the inter-war period (1930-1940). The industrial development continued in the next interval also (1940-
1970) when it gained a regional importance with implication on the forest areas, a fact which is still 
evident in the present landscape through signs of deforested and reforested patches. Moreover, the first 
cable transportation structures appear on the maps. 
Between 1970 and 1990 a certain reforestation process is related to interventions meant to correct the 
debris torrents surrounding the town of Sinaia [9]. The expansion of residential areas is related to the 
communist period and the insertion of a working class district for dwellings. After the fall of this regime, 
the area underwent a multiplication of secondary residences due to the positive image that Sinaia had over 
time, becoming an attraction for real state investments and tourism infrastructure development. 
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Fig. 3. Landscape change in Sinaia identified on the cartographic material 
In the case of Babadag, the main changes that have occurred within the landscape have been 
synthesised in the following graphic (Fig. 4). 
 
 
 
Fig. 4. Landscape change in Babadag identified on the cartographic material 
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Based on the historical cartographic materials, we were able to analyze the settlements network 
evolution during the interval 1856-2009. In Babadag study site, the settlements remained predominantly 
rural, consisting mostly of small settlements, with a clustered structure. Our results show that from 1856 
until 2009 the total size of settlements in Babadag study site increased from 5.56 ha to 16.94 ha, so they 
became 3 times larger. The most important changes were registered during 1980 - 2009 for all 
settlements, with Babadag city as a peak which has recorded an extension of 3.7 ha due to economical 
reasons. The less expansive was Sarichioi, a settlement with a compact Russian-Lipovan community.  
In terms of structure and expansion, Babadag forest underwent significant changes over time, due both 
to natural factors, but mainly because of anthropogenic factors. The last three centuries have brought 
significant changes in forest structure and size in this part. During this period there was recorded a 
withdrawal within the forest and steppe extent, having human activities as a main cause. During 1900 - 
1955, occurred a massive deforestation of northern Dobrogea. Following this period, forest consisted of 
only isolated forest patches that were affected by the amplification of human interventions. This was a 
period of irrational and abusive exploitation of the forest to obtain firewood or construction materials and 
also to develop the grazing areas for local livestock or to gain new agricultural land. Forest covered 
surfaces decreased from 115 ha in 1900 to 76.5 ha in 2009. It was noticed that the difference between 
1980 and 2009 is not significant, less than 1 ha, which means that in almost three decades, forest 
resources were exploited properly, also in regard to the protection statute of this site. 
3.2. Landscape analysis through satellite imagery  
It is most useful to shape an image over the recent changes that are not available for study on other 
cartographic materials. Although, the main disadvantage of using satellite images in landscape analysis is 
the significant volume of processing that would be required for improving and eliminating some effects 
induced by topography and atmosphere. Moreover, to evaluate the land cover dynamics by superposing 
images from different years, a georeferencing process is necessary in order for all the scenes to meet the 
same features related to resolution. 
In both cases vegetation indexes have been computed in order to evaluate the extension of the built-up 
surfaces in relation to the protected areas. Using the resulting NDVI and diachronic NDVI images as a 
basis for manual classification in ArcGis with the help of a personalised georeferenced grid we were able 
to determine the area that changed between 1979 and 2007 (Fig. 5). 
In the case of Sinaia study site, between 1979 and 1990 certain instability of the landscape is 
determined by the urban planning policies that manifested especially through the expansion of residential 
areas and increasing tourist pressure. As we observe, even though vegetation is the dominant element of 
the landscape, a constant increase (7% of the vegetation changed into built-up) of the surfaces affected by 
constructions is present. We recorded a pressure upon forest which is accelerated up to 2007 when more 
terrain was cleared for new residences and leisure facilities. Even though Bucegi Natural Park has been 
excluded from wood harvesting, the pressure upon virgin forests [37] manifests through the expansion in 
a more intricate pattern of the tourism structures which act as a distribution vector for habitat disruptions.  
In the interval between 1990 and 2000, 90% of the forest which was included in Bucegi Natural Park 
remained constant. In the same period the clearings underwent the largest share of transformations, out of 
which 10% in residential, 4% in other types of built-up, almost 3% in routes, industrial and commercial 
units. 5% of the meadows were transformed into surfaces covered by leisure facilities. The urban 
planning policies which were specific to this period encouraged the reorientation of the urban 
development direction from industry which entered a restructuring period into tourism, as the demand for 
new accommodation facilities increased.  
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In the last interval, from 2000 to 2007, the urban expansion becomes evident on the thematic maps 
through the appearance of new leisure facilities in the western part of the study area. In the context of 
organizing the European Youth Olympic Festival in 2013, in order to meet the European demands 
concerning the infrastructure quality, in 2007 started the construction of a new cable transport facility at 
the urban fringe, which was clearly recognized on the satellite image. This new structure is located on a 
closed quarry site, used during the communist period as a deposit for used materials. This site is included 
in an ecological reconstruction project meant to transform the entire area into a new tourist village [38]. 
Developing the infrastructure will also contribute to attracting more tourists to the mountain area, a 
phenomena which is increasing at a rapid pace in examples across the Carpathian range and other 
European mountains [39]. Scenic landscapes and recreational possibilities are a resource for local 
communities but poses serious challenges to biodiversity conservation and protection, especially if this 
situation is amplified by poorly planned tourist activity. 
 
 
Fig. 5. Landscape changes in the case of Sinaia study site 
In the case of Babadag study site we produced the NDVI difference maps for the intervals 1977-1989, 
1989-2000 and 2000-2007 in order to detect vegetation changes, using Image Difference method (a 
mathematical formula using IDRISI). Through the combination of all the four reclassified images in 
ArcGis, we obtained a map of the vegetation cover changes during 1977 and 2007. This method of 
change detection requires the comparison of independently classified images. By properly coding the 
classification results for times t, and t,, the analyst can produce change maps which show a complete 
matrix of changes. In addition, selective grouping of classification results allows the analyst to observe 
any subsets of changes which may be of interest. Post-classification comparison holds promise because 
data from two dates are separately classified, thereby minimizing the problem of normalizing for 
atmospheric and sensor differences between two dates. The method also bypasses the problem of getting 
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accurate registration of multidate images [5]. The production of thematic maps, such as those depicting 
land cover, using an image classification, is one of the most common applications of remote sensing [8]. 
Moreover, comparing the NDVI values obtained, we observed that most intensive changes occurred 
between 2000 and 2007. 
which could be considered a consequence of vegetation degradation. Taking in consideration the climatic 
factors, we can say that during 2000 and 2007, the cause might be the low quantity of precipitation before 
the satellite image was captured. The factors for decreasing the quality and quantity of vegetation are 
natural and anthropogenic ones. Besides the anthropogenic interference, Babadag plateau forests are not 
avoided by certain natural processes caused by natural factors, physical or biological. These include the 
late summer drought, which limits growth in most species. Effects of drought are: permanent loss of 
leaves or branches of lime, corn. Because of deforestation, the percentage of forest cover is lower in 2007, 
leading to an increase in gulling and washing processes in this area (especially on the slopes of the 
adjacent area of Enisala and Babadag). Therefore, reforestations are necessary and a proper maintenance 
of the soil quality [40]. In addition, forest monitoring requires more automated systems to analyze the 
large amount of remote sensing data [3]. 
The resulting image (Fig. 6) facilitated the observation of qualitative transformations of three 
landscape elements (dense forest, forest and forest edge). The most significant transitions have occurred 
from dense forest to forest which covered the largest surface. Built-up areas increased in the case of all 9 
localities, varying from 8.87% at Sarichioi, to 73.6% for Turda, whereas Babadag town expanded on 
128ha, representing 52.8% of its initial surface.  
 
 
Fig. 6. Landscape changes in the case of Babadag study site 
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In addition to natural processes caused by natural factors, degradation of landscapes and human 
activity is enhanced. Deforestation in the Babadag forest held since ancient times in order to increase the 
grazing areas for agriculture. Also, wood has been exploited for construction, fuel wood, etc 
4. Conclusion 
In this paper we combined multi-temporal satellite image processing with other cartographic materials 
and we integrated the grid analysis facilities in order to achieve a more accurate geographical database 
that can be used in monitoring the landscape change rhythm. The main advantage of using satellite 
imagery in landscape studies is the innovative character. The disadvantage of their use is that Landsat 
image resolution is not sufficient enough to allow a fine analysis of the landscape and to understand some 
features that require thorough knowledge of remote sensing and GIS software. The analysis must be 
followed by field research in order to compare results with the reality.The main advantages of using 
cartographic materials in landscape analysis can be synthesised as: 1) the combination of historic maps, 
topographic maps and aerial images covers a larger time span, 1790-2010 in the case of Sinaia, 1857-
2009 in the case of Babadag; 2) maps offer additional information to the visual one, based on the 
illustrated statistical data (building materials, forest composition, etc.); 3) it presents a relative low cost of 
acquisition. On the other hand, during this study, several disadvantages were observed: 1) inconsistency 
regarding the scale and projection that can induce errors in interpreting the changes; 2) old maps don't 
offer a clear representation of the reality, resulting errors of positioning and dimensions. A larger area can 
be represented on different editions of the same map, making it difficult to have a continuous analysis; 3) 
even though orthophotoplans offer detailed information on a specific landscape, there are certain 
distortions related to the angle of capturing the images that affect the final results. The opportunity of 
using satellite images is determined by the image resolution, which can offer detailed information over 
the present changes of the landscape elements, making the analysis more consistent. Captors provide 
snapshots of a developing situation [11], the images being taken in similar seasons, at a constant distance 
in time, thus the database can be easily integrated in mathematical modelling. The most important 
withdraws related to satellite image integration in this kind of study are that they can't be used in 
continuity to the cartographic material, due to difference of resolution and scale. It requires profound 
knowledge of the target area, because of the errors resulting from distortions regarding the specific 
spectral signal, imposed by the topographic and atmospheric effects. Sometimes the canopy covers built-
up elements, affecting the final results regarding the real extend of the underlying features. It addition it 
demands a larger number of image processing interventions in order to reach a final results in comparison 
to the classical maps. In both studies it was necessary that the interpretation of the materials to be 
complemented and compared with historical documents, statistic data, but the most important was to 
check it with the reality on the field. We showed that none of the 2 methods is perfect, but they offer 
relevant information for a more complex landscape analysis. 
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